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1. Introduction 


Different functions have been attributed to the ventral tube of Collembola (copulation- 
adhesion-, respiration-, excretion- and glandular organ: see for reviews WILLEM & SABBE 
1897: Eisenpers 1976). Recently, water- and ion transport have been proved to be an im- 
portant function of this abdominal appendage (Norte Nessrer 1963; ErseNners & WICHARD 
1975; VERHOEF & Wirrevern 1980; Ersexpers 1982), Light may be thrown upon some of 
the other functions by studying the so-called linea ventralis, a rather inconspicuous exter- 
nal groove, that runs from the head to the ventral tube and ends between the two lobes of 
the vesicles (FERNALD 1890; WILLEM & SABBE 1897). 

According to Wire (1901), the labial glands unite in an end-sac, which is connected 
to the ventral groove. 

The general morphology of these glands was given and their nephridial character was 
confirmed for Orchesella cincta (L.) by Veruoerr et al. (1979); these glands are called coelo- 
moduct kidneys. It was suggested that the urine should pass into the external groove and 
end at the ventral vesicles. Further reabsorption could take place via the walls of these 
vesicles (VERHOEF et al. 1979). However, some authors have their doubts about the fluid 
conducting capacities of this groove (e.g. ErseNBers 1976). 

In the present study on the morphology of the groove comparison was made between 
two representatives of the Poduromorpha [Onychiurus fimatus Gistx and Tetrodontophora 
bielanensis (Waca)| and four representatives of the Entomobryomorpha [Tomocerus minor 
Lussocx); Orchesella cincta (L.); Orchesella villosa (Gror.) and Entomobrya nivalis (L.)]. 
The adaptive significance of the morphological differences is discussed in relation to the 
different habitats of the species. 

In two other Entomobryomorpha [Zsotoma viridis var. riparia NICOLE 
flavescens (Bourver)] the contents of the groove were sampled and analysed. 


and Orchesella 


2. Materials and methods 


The studied species were collected in the following places in the Netherlands: O. fimatus, T. mi- 
nor, O. cincta and I. viridis var. riparia were all sampled from Schiermonnikoog, one of the F 
Wadden Islands, the first three species in a pine-plantation, the last one in a salt marsh. O. villosa, 
O. flavescens and E. nivalis were collected in mixed woodlands near Harderwijk and Dronten. 
T. biclanensis was sampled in Rumania. 

The animals were kept in boxes (15 cm diameter) with floors of plaster of Paris, which were kept 
damp, in a climate room (19 °C, daily photoperiod 12 h). As food small twigs with green algae and 
fungi were given. 

For scanning electron microscopy the animals were vdrated in an alcohol series followed by 
amyl acetate, critical point dried with CO, (Polaron F )), mounted on aluminium stubs with 
colloidal Ag and coated with gold-palladium in a Polaron E 5000 Sputter Coater. In view of pos- 
sible contents of the groove the following methods were applied, too: a. the animals were frozen 
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with liquid Nitrogen, dried in an Edwards Modulyo freeze dryer for 12 h, and coated with gold- 
palladium as described above, and b. the animals were frozen with liquid Nitrogen and directly 
put into the S.E.M. 

Cambridge S.E.M.s were used at the “Laboratoire d' Ecologie Générale, Brun in France and 
at the Laboratory of Electron Microscopy, University of Amsterdam and an ISI-40 S.E.M. was 
used at the Department of Paleontology and Stratigraphy, Vrije Universiteit, Amsterdam, 

The occurrence of fluid in the groove could be determined by placing the animals upside down 
in liquid paraffin. The fluid was sampled and analysed. Colorimetric tests on the presence of nitro- 
genous endproducts: ammonia (Nessler’s solution), urea (urease and Nessler’s solution) and urie 
acid (see Sinta ef al. 1977) were carried out. Furthermore, the osmolality and conductivity of the 
fluid were measured (see VERHOEF & WirrEvEEN 1980) and compared with those of the haemo- 
lymph. 

In the same position India ink was injected into the groove to reveal the hydrophilic nature of 
the groove. Ink could only be injected when the fluid production was diminished by cutting off 
the antennae: antenneetomy causes loss of haemolymph and subsequent decrease of the haemo- 
lymph pressure (see VERHOEF ef al, 1979). Orchesella flavescens was used because of its light-coloured 
ventral cuticle. 


3. Results 
3.1. Ventral groove in the head region 


The ventral groove starts behind the labium (Fig. La, d, e). It has the form of a tube, 
as it consists of two more or less overlapping halves that sometimes deviate to show un- 
clear substances (Pig. 1d). ` 

In most species this tubular structure merges into two flanges at the transition from head 
to thorax. This can be rather abrupt as in Onychiurus and Tetrodontophora (see Fig. Le). 


3.2. Ventral groove in the thoracic region 


In both Poduromorpha the groove runs as an open structure over the thoracic segments. 
The flanges are relatively small and stand perpendicularly to the body surface (Fig. 2a, b). 

In the Entomobryomorpha the situation is diverse. In Tomocerus the flanges are small 
leaving the groove open. Fig. 2e shows the transition from the thoracic region to the ventral 
tube and the different sizes of the flanges. 

In Orchesella the flanges are large enough to cover the groove (Fig. 2d). In the thoracic 
region the groove is partly open, partly covered. 

In Entomobrya the groove keeps its tubular form over the entire length of the thoracic 
region (Fig. 2e, f). 

3.3. Ventral groove at the ventral tube 

In the Poduromorpha the groove runs direct into the space between the two lobes of 
the ventral vesicles (see Fig. 3a). In the Entomobryomorpha the groove turns perpendicu- 
larly to the tube, where the groove is relatively open in Tomocerus (Fig. 3b) and closed in 
Orchesella villosa, Orchesella cincta and Entomobrya nivalis (respectively Fig. 3c, d and e). 

Near the vesicles the groove ends in the median furrow between the two lobes (Fig. 3c). 
When the vesicles are retracted and covered by the cuticular flaps the groove runs into the 
space between the vesicles and the flaps. 


3.4. Conductive properties of the ventral groove 
The dye which was injected just behind the first pair of legs immediately spread through 
the whole groove from the labial origin to the median furrow between the ventral lobes 
(Fig. 3f), indicating the hydrophilic nature of the groove. As long as the animal was alive 
and the fluid production continued, the dye diluted especially in the head region and dis- 
appeared after 2—3 min. 


3.5. Analysis of the ventral groove contents 


Preliminary tests on the nitrogenous end-products showed the presence of uric acid in 
some of the fluid samples of Isotoma. Ammonia and urea were not detectable. 
On these grounds this fluid has been called urine. 
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imatus: origin. (L: Labium). x620. b, ce. T. biela- 
d. T. minor: origin. (s = substance). x 640. 


. Ventral groove in head region. a. O. 
ansition head-thorax. b: x67 
e. O. cincta: origin. x 620. f. E. nivalis x 4,850. 


Fig. 2a—f. Ventral groove in thoracic region. a. O. fimatus x620. b. T. bielanensis x 670. c. T. mi- 
nor (T: Thorax; V: Ventral tube) x640. d. O. cinela «3,035. e, f. E. nivalis. e: x 2,860, f: 4,680. 


Fig. 3a—e. Ventral groove at ventral tube. a. T. bielanensis x 165. b. T. minor x75. e. O. villosa 
(m: median furrow) » 145, d. O. cincta x 600. e. E. nivalis x 440, 
Fig. 31. Ventral groove filled with ink. O. flavescens (v: ventral tube; arrow: place of injection) x35. 


The mean osmolality of the urine collected from Orchesella flavescens is 194 + 26.4 mOsm 
kg (n = 15). The osmotic equivalent of the measured conductivity is 92 + 21.6 mOsm 
kg (n = 15), which gives an estimated electrolyte fraction of 47°. 

The osmolality of the haemolymph of the same species is about 176 mOsm higher than 
that of the groove fluid, viz. 370 + 10.3 mOsm (n = 16), with an estimated electrolyte frac- 
tion of 66%. 

In the littoral Isotoma viridis var. riparia, too, the osmolality of the urine is hypoosmotie 
to that of the blood (respectively 384 + 36.8 and 460 + 23.1 mOsm kg; n = 4). 


4, Discussion 


In the investigated species a development can be seen — especially in the thoracic re- 
gion — from an open groove in the Poduromorpha, via a groove partially covered by two 
lateral flanges in Orchesella, in a tubular structure in Entomobrya. As there is a parallel 
development to drier habitats, the covering of the groove is considered to be a morpho- 
logical adaptation to dryness (see also below). 

The outspread groove as found in several species may partly be an unnatural post-mortem 
effect. In vivo the ventral ties which connect the mid-ventral cuticle with the thoracic en- 
doskeleton, might keep the ventral groove more narrow (see Manton 1979). 

By this ventral groove system fluids have been proved to be conducted from the head 
region up to the ventral vesicles. 

The driving power must be the combined effect of capillarity, adhesion and viscosity. 
As stated by Hoese (1981) with respect to the strikingly similar water conducting system 
in terrestrial isopods, one must think of the working of a wick or a sponge: a continuous 
fluid-column, which only moves when new fluid is added. 

The presence of uric acid in the fluid of the groove, together with the origin of the fluid 
as suggested by VERHOEF ef al. (1979), supports the hypothesis that we are dealing with 
the product of the labial nephridia, viz. urine. 

The urine appears to be hypoosmotic to the haemolymph, with a higher non-electrolyte 
fraction. 

The external transport of the urine via the groove system to the ventral vesicles can 
be related to the various functions of the ventral tube (water- and ion transport, excretion, 
respiration). 

Water- and ion transport: The urine moistens the surface of the vesicles and lo- 
wers the contact angle with substrate water, as supposed by Nore Nessrrr (1963). 

Excretion: There might be an analogy with the function of the above mentioned water 
conducting system in terrestrial isopods (Horse 1981). In these ammoniotelie animals urine, 
originating from the maxillar nephridium, spreads through the structures of the conducting 
system, and is directed along the pleopods, where water is absorbed (Kümmer 1981), a pro- 
ess which is completed in the gut. 

In Collembola extra reabsorption of water may take place at the ventral vesicles, as 
suggested by Vernoer et al. (1979). 

Respiration: This second function of the water conducting system, as suggested by 
Hoese (1981) for isopods, may also apply to the ventral groove in Collembola. The species 
used in the present study are all atracheate, and have to respire via the cuticle. As the 
cuticle of the ventral vesicles is extremely thin (about 0.35am) and lacks a lipid layer, 
moistening by the urine would favour the uptake of Oz. 

Without doubt the effect of the urine on the transpiration might be important and will 
be studied. 

In conclusion, the presence of an external system, conducting urine from the nephridia 
to organs with respiratory and osmoregulatory functions might be considered to be a spe- 
cific adaptation to the terrestrial habitat in atracheate soil arthropods. 
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6. Zusammenfassung 
Morphologie und Funktion der Ventralrinne von Collembolen 


Die Morphologie und die Funktion der Ventralrinne wurden bei mehreren Collembolen-Arten 
untersucht. Die Abdeckung der Ventralrinne durch zwei Platten körnte als eine morphologische 
Anpassung an trockene Standorte interpretiert werden. 

Die Ventralrinne dient zum Flüssigkeitstrarsport. Die Flüssigkeit enthält Harnsäure und wird 
„Harn“ bezeichnet. Der Harn ist gegenüber der Hämolymphe | hypoosmotisch. 

Die Analogie mit dem Wasserleitungssystem der Isopoden wird diskutiert. Das System wird als 
eine spezielle Anpassung an terrestrische Standorte bei tracheenlosen Boden-Arthropoden angesehen. 
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